Several studies have shown that the DGAT1 K232A polymorphism has a major impact on milk 34 production traits. It is less clear how effects of DGAT1 on milk production traits change throughout 35 lactation, if dominance effects of DGAT1 are relevant, and whether DGAT1 also affects lactose 36 content, lactose yield and total energy output in milk. Results from this study, using test-day records 37 of three subsequent parities of around 1800 cows, confirm previously reported effects of the 38 DGAT1 polymorphism on milk-, fat-and protein yield, and fat and protein content. In addition, we 39 found significant effects of the DGAT1 polymorphism on lactose content and lactose yield. No 40 significant effects on SCS were detected. The effect of DGAT1 on total energy excreted in milk 41 was only significant in parity 1 and is mainly due to a higher energy output in milk of heterozygous 42 (AK) cows. Significant but relatively small dominance effects of DGAT1 on fat content and yield 43 were detected which are of little practical relevance. Significant DGAT1 by lactation stage 44 interaction was detected for milk yield, lactose yield, fat content and protein content, indicating that 45 the effect of the DGAT1 polymorphism changes during lactation. In general, the DGAT1 effect 46 shows a large increase during early lactation (till d50 to d150) and tends to decrease later in 47 lactation. There was no DGAT1 by lactation stage interaction for fat yield. Similar to DGAT1, 48 effects of other genes also might vary throughout lactation and, therefore, using longitudinal models 49 is recommended. 50 51 52 Keywords: DGAT1, lactation stage, lactose, energy output 53 54 55 Since the identification of the Diacylglycerol O-acyltransferase 1 (DGAT1) K232A polymorphism 56 by Grisart et al. (2002) and Winter et al. (2002), many studies have investigated associations 57
INTRODUCTION
between proven bull daughters and young bull daughters; lact k is the fixed effect of lactation stage 120 (26 classes of 15 days, with class 1 from 0-15 days till class 26 from 375-390 days in lactation), 121 DGAT1 l is the fixed effect of DGAT1 K232A genotype (AA, AK or KK); ca ijklmno is a covariate 122 describing the effect of age at 1 st , 2 nd or 3 rd calving; animal m is the random additive genetic effect of 123 animal m; HTM n is the random effect of the n th Herd- protein% increased from parity 1 to parity 2 but was slightly lower in parity 3 as compared to parity 149 2. Lactose% decreased from parity 1 to parity 2 and, subsequently, to parity 3 whereas SCS and 150 TEM increased. Standard deviations for all traits increased with increasing parity number.
151
Lactation average DGAT1 effects. The DGAT1 polymorphism showed highly significant effects 152 on milk production traits ( smaller than in parity 2. When expressed in phenotypic standard deviations (SD as given in Table   162 1), effects on fat% and protein% in parities 1, 2 and 3 were similar.
163
Dominance. Significant dominance effects of DGAT1 on fat% were detected in all three parities 164 ( detected for milk yield, lactose yield, fat% and protein% in all three parities (Table 3) . This is 170 illustrated in Figure 1 , which shows the estimates of the (DGAT1 x lact) interaction term for parity 171 1 from a model without the main effects of DGAT1 l and lact k and the effect of the AK genotype in 172 lactation stage 13 fixed at 0. These estimates have been used to calculate additive genetic effects at 173 different stages of lactation which were defined as half the difference between the KK and AA 174 genotypic effects. Figure 2 shows the additive effects for parity 1 and 2. Results for parity 3 are not 175 shown because these were very similar to results for parity 2.
176
The difference in milk yield between the 3 genotypes was small during the first 30 days of lactation 177 (Figure 1 and 2). In parity 1 an additive effect of around -1.6 kg of milk was reached at day 100 in Interestingly there was no evidence for a DGAT1 by lactation stage interaction for fat yield (Table   185 3). Figure 2 shows that the additive effect of DGAT1 on fat yield was rather constant during the 186 lactation. In parity 1 a significant dominance effect was detected for fat yield but also the 187 dominance effect was constant throughout lactation (Figure 1 ). There was a highly significant 188 DGAT1 by lactation stage interaction on fat%. At the start of the lactation (<30d) the difference in 189 fat% between the KK and AA genotypes was approximately half of that in mid and late lactation 190 (>150d; Figure 2 ).
191
Significant DGAT1 by lactation stage interactions for protein yield were found in parities 1 and 3.
192
Similar as for milk yield, there was a tendency of the DGAT1 effect to increase during early 193 lactation (<100 days) and to decrease later in lactation ( Figure 2 ). For protein% there was a highly 194 significant DGAT1 by lactation stage interaction which showed a similar pattern as was observed 195 for fat% ( Figure 2) . The difference between the KK and AA genotypes was almost absent in early 196 lactation (<day 20) and increased till about 150d in lactation with a tendency to decrease later in 197 lactation.
198
The DGAT1 by lactation stage interactions for lactose yield was similar to that for milk yield. In 199 parity 1 there was no significant DGAT1 by lactation stage interaction on lactose content but in 200 parity 2 and 3 the effect of DGAT1 on lactose content increased with lactation stage (Table 3 and 201 Figure 2 ). 
